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One hundred patients with drug-refractory recurrent
sustained ventricular tachycardia associated with coro-
nary artery disease who underwent mapping-directed
subendocardial resection for ventricular tachycardia were
retrospectively evaluated with respect to a number of
morphologically distinct tachycardias on a 12 lead elec-
trocardiogram. Of 91 operative survivors, 18 patients
had only one configuration of tachycardia, whereas 73
(81% ) had multiple distinct tachycardia configurations;
36 had multiple configurations clinically. Patients with
multiple clinical configurations had a longer mean HV
interval (65 ± 11 versus 53 ± 10 ms, p < 0.005) and
a higher failure rate of surgery alone (47 versus 25%
Patients with recurrent sustained ventricular tachycardia often
exh ibit morphologically distinct tachycardias on the 12 lead
electrocardiogram. The genesi s and clinical significance of
these tachycardias have long been matters of speculation
and investigation (1-6). It has been assumed that tachy-
cardias of each bundle branch block type configuration orig-
inate in the contralateral ventricle , and thus from widely
separated arrhythmogenic areas; however. recent data de-
rived from electrophysiologic mapping and surgical treat-
ment of these tachycardias have shown this assumption to
be incorrect. In the presence of coronary artery disease ,
ventricular tachycardias of both bundle branch block con-
figurations have been demon strated to originate in the left
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for single clinical tachycardia, p < 0.05). The 13 patients
whose multiple clinical tachycardias originated in dis-
parate sites in the heart (> 5 cm between sites of origin)
were less often cured by surgery alone than were those
whose multiple tachycardias originated in the same or
adjacent sites (83 versus 38% failure rate of surgery
alone, p < 0.05). On the basis of mapping data, multiple
configurations ofventricular tachycardia appear to orig-
inate in the same or adjacent sites in the majority of
patients, although in 16% of patients with multiple
tachycardias, the tachycardias originate at widely sep-
arated sites.
ventricle . In addition , studies in our laboratory (7) have
shown that morphologically distinct tachycardias can orig-
inate in the same or adjacent areas. suggesting that they
may represent different "exit points" from the same circuit.
To understand the significance of morphologically dis-
tinct tachycardias in a given patient , we evaluated 100 con-
secutive patients with recurrent sustained ventricular tachy-
cardia and coronary artery disease who underwent
intraoperative mapping and subendocardial resection for
control of their arrhythmias. We sought to determine 1) the
incidence of morphologically distinct tachycardias in a sin-
gle patient , 2) the frequen cy with which tachycardias orig-
inated in disparate versus adjacent sites , and 3) the influence
of the presence of multiple morphologically distinct tachy-
cardias on surgical outcome .
Methods
Study patients. The study group consisted of 100 con-
secutive patients with sustained (>30 seconds ) ventricular
tachycardia and coronary artery disease who underwent map-
guided subendocardial resect ion for control of ventricular
tachycardia at the Hospital of the University of Pennsylvania
between October 1977 and February 1983. There were 85
men and 15 women with a mean age of 56 years. All patients
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had at least one spontaneously occurring ventricular tachy-
cardia with uniform morphologic features. At least three
standard electrocardiographic leads (I, aVF and VI) and
usually a 12 lead electrocardiogram were obtained during
each episode. All patients underwent preoperative angio-
graphic and e1ectrophysiologic cardiac catheterization, and
the majority had catheter endocardial mapping of as many
distinct configurations of ventricular tachycardia as possible
(up to five), using techniques previously reported (8) (Fig.
I). Surgery was performedonly after multipledrug regimens
failed to prevent ventricular tachycardia from occurring
spontaneouslyor being induced at electrophysiologic study,
or when all effective drug regimens produced intolerable
side effects.
Surgical procedure. The surgical procedure consisted
of a median sternotomy followed by electrophysiologic in-
duction and mapping of as many morphologically distinct
tachycardias as possible during normothermic cardiopul-
monary bypass. Eridocardial mapping was performed after
ventriculotomy using methods previously described (9).
Mapping time during normothermic bypass was from 30 to
55 minutes.Once the "site of origin" (see definitions later)
for each induced morphologically distinct ventriculartachy-
cardia had been identified, subendocardial resection was
carried out to remove the site of origin and approximately
a I to 1.5 ern margin of tissue surrounding it. Additional
procedures included coronary artery bypass grafting (61 pa-
tients) or aneurysmectomy (90 patients). or both, when in-
dicated, as well as selected application of cryoablation to
areas not amenable to subendocardial resection (13 patients).
Figure 1. Catheter endocardial mapping sites in the left ventricle.
Each site comprises approximately 8 ern".
Postoperatively, patients underwent repeat electrophys-
iologic study to assess the effects of surgery on the ability
to induce ventricular tachycardia. A postoperative electro-
physiologic study consisted of rapid ventricular pacing and
single and double ventricular premature depolarizations in-
troduced at two or more paced cycle lengths from two right
ventricular and one to two left ventricular sites in all pa-
tients, as well as triple ventricularprematuredepolarizations
from the same sites in 51 of the patients. Patients in whom
ventricular tachycardia was induced postoperatively under-
wentserial antiarrhythmic drug studies, the successof which
was assessed by further electrophysiologic study.
Definitions. The following definitions are used in this
study.
Multiple morphologically distinct ventricular tachycar-
dias . Two or more tachycardias with uniform but different
configurations, with either a contralateral bundle branch
block pattern or a frontal plane QRS axis greater than 90°
divergent from one another, based on at least 3 (arid usually
12) surface electrocardiographic leads.
Clinical ventricular tachycardia morphology. The con-
figuration of any preoperative tachycardia that occurred
spontaneously. All patients had at least one clinical
tachycardia.
Induced ventricular tachycardia morphology. The con-
figuration of any pre- or intraoperative tachycardia that was
electrically induced, but had never been documented
spontaneously.
Site of origin of tachycardia . The endocardial site of
earliest electrical activity for a given tachycardia configu-
ration, defined by the earliest local electrogram recorded in
the latter half of electrical diastole.
Disparate sites of tachycardia origin. Sites of origin of
at least two morphologically distinct tachycardias separated
from one another by two or more sites (Fig. I). This is a
distance of 5 em or greater.
Postoperative tachycardia inducibility. Patients were
thoughtto have "inducible" ventriculartachycardiaat post-
operative electrophysiologic study if a tachycardia with a
uniformconfiguration lasting 10seconds or longer could be
reproducibly initiated with programmed stimulation using
this protocol. The configuration of the induced tachycardia
was usually, although not always (five cases), one that was
observed before or during surgery.
Failure of surgery alone. A surgical failure was defined
as spontaneous recurrence of ventricular tachycardia post-
operatively, induction of ventricular tachycardia by pro-
grammed stimulation or unexplained sudden cardiac arrest.
In most cases the tachycardia was sustained (>30 seconds),
although in two cases it was nonsustained (>10 but < 30
seconds in duration).
Statistics. Statistical analyses were performed on the
data using the chi-square method with Yates' correctionand
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91 operative survivors
55 single clinical VT 36 multiple clinical VT
P'dd';~
18 single VT only 73 multiple VT (clinical & induced)
Figure 2. Incidence of morphologically distinct ventricular tachy-
cardias (VT) among the 91 operative survivors.
the Student's unpaired t test, where appropriate, with a
probability of less than 0.05 considered significant.
Results
Operative survival. Ninety-one patients survived at least
30 days after surgery (91% operative survival). The nine
operative deaths were caused by progressive congestive heart
failure (n = 6), myocardial infarction (n = 2) and unex-
plained electromechanical dissociation (n = 1). All patients
received continuous electrocardiographic monitoring post-
operatively up to and including the time of death. There
was no recurrence of ventricular tachycardia among those
not surviving to undergo a postoperative electrophysiologic
stud)
Incidence of morphologically distinct ventricular
tachycardias. Two hundred morphologically distinct
tachycardias (129 clinical and 71 induced) were observed
in the 91 operative survivors undergoing analysis. All but
six tachycardias were adequately mapped either before or
during operation and all tachycardias originated in the left
ventricle. Fifty-five patients had a single clinical tachy-
cardia, and 36 patients had multiple morphologically distinct
clinical tachycardias (Fig. 2). An additional 37 patients with
one clinical tachycardia had additional tachycardias induced
in the laboratory or intraoperatively. Five of the tachycardias
that were induced only were only observed as a result of
stimulation during another tachycardia, and an additional
five tachycardias could only be induced after a type I an-
tiarrhythmic drug was administered. All of these tachycar-
dias were found to originate in sites at or adjacent to sites
of origin of other tachycardia configurations.
Patients were separated into four groups as follows (Ta-
ble I):
Group I. Patients with a single clinical tachycardia con-
figuration in whom no other tachycardias were induced pre-
or intraoperatively. This group consisted of 18 patients with
18 tachycardias.
Group lJ. Patients with a single clinical ventricular
tachycardia but one or more additional distinct tachycardias
induced either pre- or intraoperatively. This group consisted
of 37 patients with 37 clinical and an additional 47 induced
tachycardias.
Group JJJ. Patients with multiple clinical tachycardias
in whom no additional distinct tachycardias were induced
pre- or intraoperatively. This group consisted of 21 patients
with 44 distinct tachycardias.
Group IV. Patients with multiple clinical tachycardias in
whom additional configurations of tachycardia were induced
Tabh~ l. Surgical Outcome in Patients Undergoing Postoperative Electrophysiologic Study
Inducible
Spontaneous VT VT at Post- Failure Rate of Surgery
No. of Pts./ Recurrence operative EPS Surgery Plus Drug
Patient Group Total VT (pt./VT) (pt./VT) Alone* Failure
I. Single clinical VT configuration only 18118 0/0 3/3 (2C) 3 0
(IN)
II. Single clinical VT configuration/others 37/84 4/4 (lC) 7/9 (2C) II 2
induced OJ) (51)
(2N)
III. Multiple clinical VT 21/44 5/6 (6C) 9/11 (lOC) 10 4
configurations/no others induced (IN)
IV. Multiple clinical VT 15/54 5/5 (3C) 6/7 (4C) 7 2
configurations/others induced (21) (21)
(IN)
Total 911200 14115 (lOC) 25/30 (l8C) 31 8
(51) (71)
(5N)
*Entries in this column are not sums of individual entries in preceding columns since several inducible ventricular tachycardia configurations also
recurred spontaneously; sudden deaths, however, are included. C = clinical preoperative ventricular tachycardia configuration; EPS = electrophysiologic
study: I = ventricular tachycardia configuration not occurring clinically but induced pre- or intraoperatively; N = "new" ventricular tachycardia
configuration first seen at postoperative electrophysiologic study; pt. = patient; VT = ventricular tachycardia.
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pre- or intraoperatively. This group consisted of 15 patients
with 30 clinical tachycardias and an additional 24 distinct
tachycardias.
Surgical outcomes. Table I displays the surgical out-
comes, by group, of patients undergoing postoperative elec-
trophysiologic study. In summary, postoperatively 25 pa-
tients had inducible ventricular tachycardia and 14 had doc-
umented spontaneous ventricular tachycardia. Among the
25 patients with inducible tachycardia postoperatively, 18
had a sustained, previously seen tachycardia postopera-
tively, 2 had nonsustained tachycardia of a previously seen
configuration and 5 had inducible tachycardia of a "new"
configuration (that is, not seen before the postoperative elec-
trophysiologic study). Ventricular tachycardia in 10 patients
was no longer inducible with antiarrhythmic drugs that were
ineffective in preventing tachycardias before operation. Only
four patients have had spontaneous recurrences of tachy-
cardia while taking antiarrhythmic medications after hospital
discharge. The mean follow-up period for the entire series
is 23 ± 17 months, with an actuarial 5 year survival rate
of 62%.
The four patients with postoperative cardiac arrest were
presumed to have experienced a lethal ventricular arrhyth-
mia (although one patient died suddenly after experiencing
chest pain during strenuous physical exertion, one died while
taking quinidine for atrial flutter-fibrillation with a docu-
mented QT interval of 0.70 second and cardiac arrest oc-
curred 29 months postoperatively in one patient who had
had 15 well tolerated episodes of ventricular tachycardia
per year preoperatively). Including these cases of cardiac
arrest as surgical failures, 31 patients were not cured (that
is, they had spontaneous recurrent or inducible tachycardia
or cardiac arrest) by surgery alone. However, surgery with
or without adjunctive antiarrhythmic drug therapy produced
a successful clinical response in 83 (91%) of the 91 operative
survivors. Moreover, two patients with inducible tachy-
cardia postoperatively have stopped antiarrhythmic medi-
cations and have remained free of recurrences of tachycardia
for more than I year.
Relation of number of morphologically distinct ven-
tricular tachycardias and surgical outcome (Table
2). Patients were regrouped into those having a single clin-
ical tachycardia (Groups I and II) and those with multiple
morphologically distinct clinical tachycardias (Groups III
and IV, Table 2A), and thereafter into those having only a
single tachycardia (Group I) and those having multiple
tachycardias, clinical and induced (Groups II, III and IV,
Table 2B). Patients with a single clinical tachycardia dif-
fered from those with multiple clinical tachycardias in two
ways: in patients with multiple clinical tachycardias, the HV
interval was significantly longer (65 ± II versus 53 ± 10
ms), and the failure rate of surgery alone was significantly
higher (47 versus 25%). In contrast, there were no signif-
icant differences observed in clinical variables or surgical
cure in comparing patients with a single tachycardia (Group
I) and those with multiple clinical and induced morpholog-
ically distinct tachycardias (Groups II, III and IV).
Disparate sites of ventricular tachycardia origin. In
13 patients, multiple morphologically distinct tachycardias
(clincal or induced, or both) originated in widely separated
portions of the left ventricle ("disparate sites") as deter-
mined by catheter or intraoperative mapping, or both (Table
3). Two of these patients had a single clinical tachycardia,
with additional distinct induced tachycardias originating in
disparate sites. The remaining II patients had multiple mor-
phologically distinct clinical tachycardias. The difference
in incidence of disparate sites of origin between these groups
was significant (p < 0.05).
Table 4 shows the surgical outcome among operative
survivors with multiple tachycardias according to whether
Table 2. Surgical Outcome: Single Versus Multiple Ventricular Tachycardia Configurations
No. of Pts. Surgery
(operative LVEDP CI Failure Rate of Plus Drug
Patient Group survivors) EF(%) HV (ms) (mmHg) (liters/min per nr') MI Loc Surgery Alone Failure
(A) No. of clinical VTs
Single clinical VT 55 29 ± 9 53 ± 10 16 ± 5 2.7 ± 0.5 MA, III 14 (25%) 2 (4%)
(Groups I and II)
Multiple clinical VT 36 26 ± 8 65 ± II 18 ± 8 2.9 ± 0.8 27A.91 17 (47%) 5 (14%)
(Groups III and IV)
p Value NS « 0.005) NS NS NS « 0.05) NS
(B) Total no. of VTs
Clinical and induced 18 29 ± 9 53 ± II 16 ± 4 2.5 ± 0.6 12A.61 3 (17%) 0
single VT only (Group 1)
Multiple VT 73 28 ± 9 58 ± 12 17 ± 8 2.8 ± 0.6 59A.141 28 (38%) 7 (10%)
(Groups II, III and IV)
p Value NS NS NS NS NS NS NS
A = anterior; CI = cardiac index; EF = ejection fraction; I = inferior; LVEDP = left ventricular end-diastolic pressure; MI Loc = location of
prior myocardial infarction; Pts. = patients; VT = ventricular tachycardia.
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Table 3. Incidence of Disparate Sites of Ventricular
Tachycardia Origin
Patient Group
Single clinical VT/other VT induced (Group II)
Multipl« clinical VT (Groups III and IV)
All patients with multiple VT
Pts. = patients; VT = ventricular tachycardia.
No. of Pts. With
Disparate Sites
2/41 (5%)
(p < 0.05)
11/39 (28%)
13/80 (16%)
of tachycardia induced at preoperative electrophysiologic
study versus intraoperatively.
Among the nine patients who died perioperatively, six
had a single clinical tachycardia (four of whom had addi-
tional tachycardias induced) and three had multiple clinical
tachycardias. Two patients (22%) had disparate sites of
tachycardia origin. These proportions, as well as data on
hemodynamic and angiographic variables and duration of
normothermic mapping time at surgery, were comparable
with those for operative survivors.
their tachycardias originated in nearby or disparate (>5 em
distant) sites. Table 4A is a comparison of these features
with regard to clinical tachycardias only and shows that
among patients with multiple clinical tachycardias, if the
clinical tachycardias originated at disparate sites, the fail-
ure rate of surgery alone was 86% (5 of 7 patients) as
opposed to 38% (II of 29 patients) if the clinical tachy-
cardias originated at the same or nearby sites. Although the
absolute numbers are small, the difference is statistically
signiricant. In contrast, in Table 4B, the same comparison
is made considering all tachycardias in patients with mul-
tiple tachycardia configurations (clinical and induced). There
was no significant difference in failure rate of surgery alone
in these two groups.
Elimination of tachycardia: clinical versus induced.
The 91 patients undergoing postoperative electrophysiologic
study had 129 clinical and 71 induced distinct tachycardias
pre- or intraoperatively. Surgery alone was unsuccessful in
29 tachycardias (15%). Nineteen of these tachycardias were
clinical and 10 were induced only (6 induced preoperatively,
4 induced intraoperatively). Four tachycardias (two of which
were induced only) spontaneously recurred after hospital
discharge despite antiarrhythmic drug therapy. There was
no difference between clinical and induced tachycardias in
the Lites of postoperative inducible tachycardia with or with-
out antiarrhythmic medication, or spontaneous tachycardia
recurrence with or without antiarrhythmic medication. Like-
wise, there was no difference in postoperative recurrence
Discussion
Cause of multiple morphologically distinct ventricu-
lar tachycardias. It is unclear why some patients with sus-
tained ventricular tachycardia associated with prior myo-
cardial infarction have multiple morphologically distinct
clinical tachycardias, while others have only a single clinical
tachycardia. In this study, only HV interval (significantly
longer in the patients having multiple clinical tachycardias)
distinguished the two groups. Ejection fraction, left ven-
tricular end-diastolic pressure, cardiac index and location
of prior myocardial infarction were similar in the two groups.
It is possible that larger infarcts result in larger areas of
endocardial scar that could serve as arrhythmogenic sub-
strate. Infarct size was not quantitated in this series, nor
was any attempt made to quantify the size of endocardial
scar seen at operation. The finding of a significant difference
in HV interval but no difference in hemodynamic variables
may reflect a relatively greater derangement in electro-
physiologic function than in mechanical function in patients
with multiple clinical tachycardias. The meaning of this
finding is not clear at present.
It is possible that there were other differences between
patients with single versus multiple tachycardias that were
not detected by the statistical methods used because of the
relatively small sample sizes (type II or beta error) For
example, the beta statistics (probability of not observing a
Table 4. Surgical Outcome in Operative Survivors With Multiple Ventricular Tachycardias*
Patient Group
Clinical VT only (Groups III and IV: 36 pts.)
Patients whose clinical VTs originated:
I) Same or adjacent sites
2) Disparate sites
All VT-clinical and induced (Groups II, III and IV: 73 pts.)
Patients whose VTs originated at:
I) Same or adjacent sites
2) Disparate sites
Failure Rate of Surgery
Alone
11/29 (38'70)}
5/7 (86%) p < 0.05
21162 (34'70)} _
7/1 I (64%) p - NS
*Of 13 patients with disparate sites of ventricular tachycardia origin, there were II operative surviviors. Pts.
= patients: VT = ventricular tachycardia.
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difference where one actually exists) in this series ranged
from 0.44 (differences in ejection fraction, Table 2A) to
0.80 (differences in left ventricular end-diastolic pressure,
Table 2B). The data, therefore, do not necessarily exclude
the possibility that other variables may distinguish patients
with different numbers of tachycardias.
There are several possible mechanisms that could ac-
count fo r multiple morphologically distinct tachycardias: I )
Different expressions of the same tachycardia circuit. This
would likely be due to several preferential " exit points"
from a single circuit of any size (6). 2) Different, but very
closely placedcircuits, such that current mappingtechniques
cannot resolve two distinct and small centers. 3) Widely
separated arrhythmogenic areas ("disparate sites"). In the
usual clinical setting for recurrent sustained ventricular
tachycardia, either mechanism I or mechanism 2 seems to
account for most multiple morphologically distinct tachy-
cardias. Mechanism 3 accounts for a minority of the cases
in which multiple morphologically distinct tachycardia are
seen (13 r16%1 of 80 patients with multiple tachycardia
configurations in this series haddisparate sites of tachycardia
origin).
Surgical implications. This study demonstrates that pa-
tients with multiple morphologically distinct clinical tachy-
cardias are significantly less likely to be cured of their
tachycardias through subendocardial resection alone than
are those patients with a single clinical tachycardia. This
suggests that not all of the arrhythmogenic substrate was
excised in patients with multiple morphologically distinct
tachycardias. This could be due to I) inadequate mapping,
or 2) inadequate margin or depth of endocardial resection.
Adequate endocardial sites of origin (catheter or intraoper-
ative mapping) were demonstrated in approximately 95%
of tachycardias in our laboratory (10). It appears that "mis-
guided" surgery is unlikely to explain the higher surgical
failure rate among patients with multiple morphologically
distinct tachycardias.
Inadequate endocardial resection most likely accounts
for the higher failure rates of surgery alone seen in this
group of patients. This would be most pronounced in pa-
tients having disparate sites of tachycardia origin in whom
multiple areas would require excision. We have previously
shown (10) that patients with disparate sites of tachycardia
origin are less likely to be cured by subendocardial resection
alone than are patients with a single arrhythmogenic area.
Since patients with multiple morphologically distinct clin-
ical tachycardias (Groups III and IV) are those most likely
to have disparate sites of tachycardia origin, it is likely that
some of the increased surgical failure in these patients is a
result of the presence of disparate sites of tachycardiaorigin.
In this series, the typical patient with disparate sites of
ventricular tachycardia origin had an anteroseptal infarction
and aneurysm, with at least one tachycardia originating in
the inferior apical septum (site 2, Fig. I) while another
originated in the anterior wall often involving the anterior
papillary muscle (sites 9 to II , Fig. I). Subendocardial
resection that includes both of these areas presents more
technical difficulties when more free wall or papillary mus-
cle is involved. In attempting to remove the minimal amount
of tissue necessary, we may have removed too little.
Significance of induced only (nonclinical) ventricular
tachycardia. One-third of all tachycardia configurations in
this series (71 of 200) were never seen spontaneously, but
occurred only as a result of programmed stimulation. It may
be argued that since these distinct tachycardiaconfigurations
had never been observed outside the laboratory, they may
be artifacts of stimulation and not clinically relevant. Sur-
gery failed to cure the tachycardias in this series that were
induced only as often as was the case for clinical tachy-
cardias includingfive morphologically distinct tachycardias
(one induced at preoperative electrophysiologic study and
four intraoperatively only) that recurred spontaneously in
the early postoperative period. This suggests that these mor-
phologically distinct tachycardias are as important as the
clinical tachycardias, and need to be mapped and their sites
excised in the same manner.
Conclusions
On the basis of our data, the following conclusions can
be made:
I) Patients with recurrent sustained ventricular tachycar-
dia and coronary artery disease frequently have multiple
morphologically distinct tachycardias (40% clinically to 80%
when additional induced tachycardias are included).
2) Multiplemorphologically distinct tachycardias appear
either to reflect different manifestations of the same tachy-
cardia circuit or to originate in areas within I to 2 em of
one another. A minority of patients have disparate sites of
tachycardiaorigin as defined by electrophysiologic mapping.
3) Patients with multiple morphologically distinct tachy-
cardias clinically differ from those with a single clinical
tachycardia in that they: a) have a longer mean HV interval,
b) have a higher incidence of disparate sites of tachycardia
origin, and c) are less likely to be cured of their clinical or
induced tachycardias by subendocardial resection alone.
Surgery alone or withadjunctive antiarrhythmic drugs, how-
ever, controls tachycardia equally well regardless of the
number of configurations.
4) Because some patients do have disparate sites of tachy-
cardia origin (16% in this series) and because induced
tachycardias recur as often as clinical tachycardias, it is
essential to map as completely as possible all morpholog-
ically distinct tachycardias when performing limited endo-
cardial resection.
5) Induced configurations of ventricular tachycardia (those
not spontaneously occurring) are not merely artifacts of
vigorous electrical stimulation, since these tachycardiashad
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the same failure rate of surgery alone and spontaneous re-
currence rates as did clinical (spontaneously occurring)
tach}cardias,
We thank Maria Coscia and Nancy Walker for excellent secretarial support
in the preparation of the manuscript.
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